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The absorption efficiency of a solar collector using different types of nanofluids
was improved. Experimental work was carried out to investigate the flat-plate and
evacuated-tube collectors under outdoor conditions to produce distilled water. A
pilot plant was designed and installed. The yield of distilled water at different sea-
water flow rates and the physical properties of nanofluids were determined. Solar
intensity, water mass flow rate, and temperature were measured. The performance
of the desalination unit was evaluated in the presence of carbon nanotubes in par-
affin wax and ethylene glycol nanofluids. The evaporation efficiency of the flat-
plate collector was improved up to 36 % in the presence of ethylene glycol nano-

fluid at 80-100 °C.
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1 Introduction

In future, the world is confronted with energy and freshwater
shortage. Desalination of brackish or seawater is one of the
most important ways to solve the water scarcity issue [1,2].
The use of solar energy or waste heat sources is acceptable for
water-producing systems of such a small size [3-5]. The rele-
vancy of nanomaterials is to realize the best attainable proper-
ties within the smallest possible loadings through homogenized
distribution and stable suspension of these nanoparticles
[6-11]. Often, heat transfer improvement in solar collectors is
one of the basic problems in energy saving, compact designs,
and different operating temperatures. Researchers also investi-
gated the multiwalled carbon nanotubes (MWCNTs) and water
nanofluids with a pH of 3.5, 6.5, and 9.5, and Triton X-100 as a
surfactant (0.2wt %) using flat-plate solar collectors. It was
found that the nanofluids have better heat transfer perfor-
mance in acidic and alkaline water due to the influence of the
isoelectric point. The higher efficiency (67 %) was obtained at
pH 9.5 and 3.5 with a water flow rate of 0.0333 kgs™.

A stable nanofluid based on ethylene glycol-containing
nanosheets of graphene oxide was prepared by Yu et al. [12].
The improvement in thermal conductivity relies strongly on
the volume fraction of the nanosheet of graphene oxide and in-
creases with higher nanoparticle loading. The heat efficiency
was enhanced up to 61.0% using a nanosheet loading of
5.0 vol %. For seven days, the thermal conductivity of the fluids
remained almost constant, which suggests their high stability.
In the measured temperature range, the enhancement value
was independent of the temperature.

Peyghambarzadeh et al. [13,14] studied force convection
techniques in an excessively base water nanofluid, which was
experimentally compared to water in a vehicle heat exchanger
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with different nanofluid loadings. It was experimentally investi-
gated to improve the rate of heat transfer. The variable effect of
the inlet temperature of the fluid in the heat exchanger on the
heat transfer coefficient was evaluated. The findings showed
that the incremental fluid circulation rate would increase the
output rate of heat transfer, while the temperature of the fluid
entering the heat exchanger had negligible effects. Meanwhile,
water nanofluid subservience at low volume loadings would
increase the heat transfer rate efficiency by approximately 44 %
compared to water.
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Chandrasekar et al. [15] analyzed the performance and the
rate of heat transfer by forced convection characteristics of var-
ied nanofluids. It was found that the performance of heat trans-
fer depends on several parameters such as dispersibility of
nanoparticles, viscosity, particle shape, and velocity profile.

Hashemabadi and Etemad [16] investigated the impact of
circular angle on the second-rate flow of elastic fluids through
the non-circular passage. It was found that the amount of alu-
minum oxide nanoparticles mixed in a fluid of water can
improve the rate of heat transfer of a heat exchanger for auto-
mobiles. The efficiency of heat transfer improved up to 50 % in
the presence of 1 vol % aluminum oxide.

Taylor et al. [17] studied a concentrated solar thermal system
based on copper, graphite, aluminum, and silver nanofluids for
power electricity generation of 10-100 MW.,. They stated that
different nanofluids produced modest variations in system effi-
ciency of less than 2% for equivalent solar absorption.
Improvement in thermal efficiency was obtained in the range
of 5-10 % using 0.001 vol % nanofluid.

Yousefi et al. [18] examined the impact of aluminum oxide
(Al,053) mixing with water to prepare a nanofluid as an operat-
ing fluid for improved flat-plate collector (FPC) efficiency. In
distinction to the literature review during this set, their experi-
mental results showed that the thermal effeciency improved by
about 29 % in the presence of Al,O; nanofluid at 0.2 % nano-
particle loading.

Moghadam et al. [19] studied the influence of CuO/water
nanofluid (0.5vol %) on the thermal efficiency of a solar col-
lector. The experimental results indicated that the nanofluid
raised the collector efficiency by 22% at a flow rate of
1Lmin™"

Karami et al. [20] analyzed nanofluid-containing carbon
nanotubes as an absorbing liquid in daylight. In their studies,
the extinction coefficient of the binary compound suspension
demonstrated a major enhancement over the original liquid. It
is worth to mention that adding only 150 ppm functional car-
bon nanotubes to an alkaline aqueous solution improved the
thermal conductivity up to 30 %.

Said et al. [21] investigated the performance of an FPC in
the presence of TiO, nanofluid. The nanoparticle loading was
in the range of 0.2-0.4 % at a flow rate of 0.4-1.6 L min™". Their
results pointed to a significant improvement in the thermal
efficiency up to 77 % using a nanoparticle loading of 0.2 % and
a flow rate of 0.4 L min™",

Lin and Al-Kayiem [22] experimentally studied the copper
nanopartiles/phase change material (PCM) for storage of solar
energy within a range of 0.5-2 wt %. The thermal conductivity
of Cu/PCM nanocomposite materials increased from 14.0 % to
47 %.

Assael et al. [23] indicated that using 1vol% MWCNTs
enhanced the thermal conductivity of water by about 40 %.
Proper combination and stabilization of the particles are neces-
sary to organize nanofluids by dispersing nanoparticles within
the base fluid. Nanoparticles in the size range of 1 to 100 nm
were employed.

Yu et al. [24] used a mixture of Cu nanoparticles and ethyl-
ene glycol to provide nanofluids. The copper nanoparticles
(0.33 vol %) showed a 40 % increase in the thermal conductivity
of the fluids.
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Such studies confirmed that the thermophysical properties
of numerous fluids may be enhanced through the addition of
small loadings of nanoparticles. The kinds of nanoparticles
studied consist of pure metals, metal oxides, carbides, and di-
verse carbon materials. Many of these varieties of nanoparticles
were integrated into fluids which include water and oil in ethyl-
ene glycol. Gold (Au), silver (Ag), and other nanoparticles were
investigated due to their superior chemical, electrical, and opti-
cal properties in nanoscale [25-34]. Eastman et al. [35] found
that copper oxide nanoparticles will give up to 65 % improve-
ment in thermal conductivity of nanofluids for several industri-
al applications. Likewise, they found a rise in thermal conduc-
tivity up to 45% for a nanofluid including a little loading of
aluminum oxide nanoparticles.

Karami et al. [36] found an enhancement in thermal proper-
ties of carbon nanotubes (CNTs) compared to base water. The
thermal conductivity was improved up to 30 wt % in the pres-
ence of CNTs. It was concluded that treating of CNTs with car-
boxylate enhanced the dispersion stability. Therefore, CNT/
H,O nanofluids become an acceptable candidate for absorption
at lower temperature in solar collectors [37]. Carbon monox-
ide/graphene ethylene glycol (0-0.06 wt %) provided a thermal
enhancement up to 6.47 % [38]. Single-walled carbon nano-
tubes/oil nanofluid in the range of 0.25-1vol % led to a thermal
enhancement from 10 % to 46 %, respectively [39,40].

The thermal efficiency of a solar collector was improved up
to 88 % using a carbon nanofluid at 313K [41]. Hosseini and
Dehaj [42] studied two samples of water-based TiO, nano-
fluids. The spherical and wire-like geometry (TiO, NPs-nano-
fluid, TiO, NWs-nanofluid) were experimentally investigated.
The results showed that TiO, NWs-nanofluid had better ther-
mal properties because of the specific structure of the wire-like
suspended particles. The TiO, NWs-nanofluid and TiO, NPs-
nanofluid increased the maximum collector efficiency up to
21.1 % and 12.2 %, respectively at 0.5L min’.

The experimental results indicate that nanoparticles can sig-
nificantly boost the photothermal conversion efficiency of solar
collectors. The photothermal conversion efficiency of the bot-
tom irradiation mode reaches ~45 % when the TiN nanoparti-
cles loading is 0.003 wt % [43].

This article focuses on the use of nanofluids to enhance the
evaporation rate in order to increase the solar thermal perfor-
mance of solar collectors in water desalination. By increasing
the MWCNTs loading, the evaporation rate rises. Modified
paraffine and wax nanofluids are employed, having the advan-
tage in storing latent heat in the presence of MWCNTs. The
performance of two types of solar collectors, namely, flat-plate
collector (FPC) and evacuated-tube collector (ETC), was eval-
uated in the presence of paraffine-filled MWCNTSs and ethyl-
ene glycol-MWCNTs nanofluid.

2 Experimental Setup
2.1 System Description
A solar desalination unit using nanotechnology with two con-

figurations of solar collectors was designed and implemented at
the Port Said University, Egypt. The schematic outline of the
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experimental setup of the FPC and evacuated tube heat pipe
collector (ETC) illustrated in Fig. 1. The first configuration is
equipped mainly by an FPC water collector and a seawater
tank. The second configuration consists of the ETC and a sea-
water tank. The seawater was heated by a solar water collector
and then the brine water was collected. The structure of the
FPC in the presence of paraffin wax is also presented in Fig. 1.
In each configuration, the solar collectors were designed and
fabricated with the same dimensions.

In this work, the FPC was used as brine heater. The dimen-
sions of the heater were 0.5mx1mx0.15m. It consisted of a
0.003m thick glass cover, insulated container, and matt black
painted metal sheet. The dimensions of the absorber plate were
0.50 mx1mx0.0007 m (WxLxT). It was placed horizontally in
the center of the container. The insulation thickness under the
absorber plate was 0.03 m. The container of the solar water heat-
er collector was made of a galvanizing sheet with 0.002 m thick-
ness. A plate of the metallic sheet absorber was coated by matt

black paint. The solar water heater was placed with a tilt angle of
30°. The second heating system consisted of an evacuated tube
solar collector. The specifications of the ETC are listed in Tab. 1.

Table 1. ETC specifications.

Properties Value
Number of evacuated tubes [-] 10

Grid dimensions (length, height) [m] 0.907, 1.960
Aperture area [m? 1.21
Efficient solar absorption area [m?] 1.04
Capacity of fluid in copper pipe [L] 1.0

Max working pressure [bar] 6
Insulation Rock wool
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Figure 1. Schematic diagram of the experimental setup: (a) FPC, (b) ETC desalination system.
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Fig.2 displays the steps for
assembling the copper tubes in-
cluding paraffin wax or ethylene
glycol (EG) to be placed around the
heat pipes to transfer heat to the
header of the ETC. The first step
was removing the glass tube and
heat pipe from the solar collector
as indicated in Fig.2a. The second
step was the copper tube of a diam-
eter greater than the diameter of
the heat pipe as depicted in Fig. 2b.
The mixture of nanomaterials was
then placed between the copper
tubes and the heat pipes. Then, it
was installed in the header of the
solar collector. In the third step, the
glass tubes were installed (Fig. 2¢).

The condenser was a shell and
tube heat exchanger. The cold

water flowed inside the tubes while the vapor condensed in the
shell. Figs. 3a and b present the schematic diagram of the con-
denser. Dimensions, surface area, and selected materials for the

condenser are listed in Tab. 2.

Figure 3. Layout of the condenser.

Chem. Eng. Technol. 2022, 45, No. 1, 15-25

Figure 2. Evacuated-tube collector (ETC). (1) Seawater inlet (cold stream), (2) seawater outlet
(hot stream), (3) copper manifold (heat exchanger), (4) holes to install glass tube, (5) hollow cop-
per tube, (6) heat pipe condenser, (7) double-walled vacuum insulation tube.

Table 2. Heat exchanger (shell and tube condenser) specifica-

tions.

Properties Value
Shell diameter [mm)] 170
Tube diameter [mm] 10
Length [mm] 1350
No. of tubes [-] 30
Material type Copper
Thermal conductivity [W m™'K™ 380
Total condenser area [m?] 1.27

2.2 Materials and Methods

Reagent-grade chemical components were used in all experi-
ments. Commercial MWCNTs nanoparticles with 99.99 %
purity and 50 nm average diameter were deposited in the base
fluid (Sigma-Aldrich GmbH). The MWCNTs-based nanofluid
was selected because of high thermal conductivity, low density,
and low settling rate due to Brownian motion superiority [44].
The physical properties of MWCNTs nanoparticles and the

base fluid are defined in Tab. 3.

Table 3. Physical properties of MWCNTSs nanoparticles, paraffin

wax, and ethylene glycol.

Density Specific heat ~ Thermal
[kgm™] kg 'K™] conductivity

[Wm™'K"]
MWCNTs [45] 2100 720 2250
Paraffin wax [46] 900 2140 0.21
Ethylene glycol [47] 10384 3750 0.46

© 2021 Wiley-VCH GmbH
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The main properties of nanofluids that are used to calculate the
useful thermal energy extracted during the heating phase are
density pnfl) and heat power C,, which may differ from those
of the base fluid. Because the density and heat capacity of
MWCNTs nanofluids at various nanoparticle volume loadings
were not measured by the authors, the equations predicted by
Xuan and Roetzel [48] were employed to calculate the density
and heat capacity:

Pnf = (1 _¢)pbf +¢pp (1)
(PO = (1= 9)(pCy) s + ¢ (0Cy) @

where the subscripts f, p, and nf are assigned to base fluid,
nanoparticle, and nanofluid, respectively. The thermal of con-
ductivity K, of the nanofluid is evaluated using the Hamilton-
Crosser predicted model [49] as follows:

Kt [k =
kP + (}’l — l)kf + (Tl — 1)¢(kp — kf)/kp + (i’l - l)kf —¢(kp — k()
(3)

where # is the particle shape factor identified as n = 3/, where
¢ refers to the particle sphericity. For cylindrical and spherical
particles, the sphericity value is 0.5 and 1.0, respectively. Thus,
in the current research, the value of # is assumed to be 6 owing
to the cylindrical form of the MWCNTs nanoparticles. The cal-
culated thermophysical properties of MWCNTSs nanofluids as a
function of the nanoparticles volume concentration are given
in Tab. 4.

3 Measurements

The quality of distillate was measured by the total dissolved
solids (TDS) contents with the temperature element model
CDHSDI1, Omega engineering, USA. The average TDS value of
purified and seawater was 200 and 130000 ppm, respectively,
with an accuracy of +2 % of reading below 66 000 ppm. A digi-
tal balance determined the amount of distilled water. The tem-
perature of seawater at inlet and exit from the air solar collector
was measured using Testo 825 non-contact infrared thermome-
ters. The accuracy of the thermometers was +1 °C of the mea-
sured value. The wind velocity was assessed using a rotating
vanes anemometer manufactured by Testo Company (model
Testo 435). The vane probe had a measuring wind velocity
range of 0.1 up to 30 ms™" with a resolution of 0.01 ms™. The

Table 4. Nanofluid thermophysical properties.

total solar intensity was assessed with a pyranometer manufac-
tured by Kipp & Zonen (model CMP 21) with an accuracy of
0.0135Wm™

In solar desalination configurations, another factor is consid-
ered for assessing the thermal performance of the solar desali-
nation system, explicitly the collector efficiency (1.), that links
the heat consumed to generate water evaporation to the sum of
thermal energy provide outwardly.

The collector efficiency is determined by [50]:

_Q
AG

UE (4)

where A_ is the solar collector area (m?), G is the solar intensity
(Wm™) and Q, is the useful heat transfer (W).
The useful heat transfer delivered was calculated as:

Qu= mfcp(Tco - Tci) (5)

where mf is the feed water flow rate (kgh™), Cp is the feed
water heat capacity (kthg'lK'l), Tci is the collector inlet
temperature (°C), and Tco is the collector outlet temperature
(°C).

The main objective of the solar desalination operation is to
produce a high quantity of water evaporation with the lowest
possible energy. The evaporation efficiency can be determined
by Eq. (6) [51]:

my

(6)

nevp - my,

where mv is the amount of water evaporation (kgh™), and mw

is the amount of seawater (kgh™).

4  Uncertainty Analysis

The uncertainties for the instruments that are used in the
experimental work are determined by Eq. (7) [52, 53]:

u=a/Vv3 (7)

where a denotes the accuracy of the instrument and the uncer-
tainty of standard is u (Tab.5).

Volume concentration ¢ [vol %] Density p [kg m™)

Specific heat Cp [J kg’lK’l]

Thermal conductivity k [W m~ 'K

Paraffin wax with 0.01 % MWCNTs 912

Ethylene glycol with 0.01 % MWCNTs 1049

2107.3

468.22

3688 1035

1)  List of symbols at the end of the paper.
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Table 5. Instrument accurateness and uncertainties of standard.

Device Accuracy Range Standard uncertainty
Pyranometer 0.018 Wm™ 0-2400Wm™  0.01Wm™
Thermometers 1°C 0-200°C 0.57°C

Salinity transducer 10 ppm 0-66 000 ppm 5.7 ppm

Velocity 0.01ms™" 0.2-40ms™ 0.0057 ms™

Balance 0.4g 1-10000g 0.231g

5 Results and Discussion

The system’s performance was experimentally examined. The

effect of driving parameters including temperature,
feedwater flow rate, base fluid, and concentration
of carbon nanotubes and type of collectors on the
evaporation and desalination efficiency were justi-
fied and measured. The results were collected and
plotted for the two different types of collectors
(flat-plate and evacuated-tubes) and two types of
base fluids (paraffin wax and ethylene glycol). The
experimental data were obtained in August and
September 2020. Experimental data such as the in-
let feed water temperature, solar intensity, and
wind speed were considered as variable parameters.
Therefore, all measurements that depend on vari-
able parameters should be determined within three
excessive days to avoid margin change in solar in-
tensity and wind speed. Two different types of
nanofluid were used. Paraffin wax and ethylene
glycol in the presence of 0 and 0.5wt% of
MWCNTs were utilized for both FPC and ETC.
The operating time was 6 h per day.

5.1 Performance of Flat-Plate Collector
and Evacuated-Tube Collector

In this system, the experiments were implemented
using solar energy. Fig. 4 demonstrates the distribu-
tion of solar radiation and collector’s outlet tem-
perature at different MWCNTs loadings with par-
affin wax during the day. The variations of solar
intensities were acquired by the collectors with
time for four consecutive days from September 04
to 07, 2020. The result indicates a variance in solar
intensity with time for the run through the day
with a peak solar intensity of around 900 W m™. In
addition, the result illustrates the distribution of
measured outlet temperature for the FPC and ETC
along the day. Evaporation efficiency was deter-
mined for the nanofluid (MWCNTs, 0.5 wt %) with
paraffin wax system and pure fluid using the sea-
water (35000 ppm). Seawater was fed to the FPC at
a flow rate of 1.35kgh™" and at 1.55kgh™" for the
ETC. All temperatures showed a similar behavior

Chem. Eng. Technol. 2022, 45, No. 1, 15-25

as they increase with stronger solar radiation dur-
ing the day.

It is also noticed from Fig. 4 that the outlet tem-
peratures of the ETC are higher than those of the
FPC, since the heat loss in the ETC is less. Because
there is no insulation on the glass side of FPCs,
they lose more heat to the environment than ETCs.
Because tubes must be spaced apart, ETCs have a
lower absorber-to-gross area ratio (usually 60-80 %
less) than FPCs.

Fig.5 demonstrates the enhancement in the
evaporation efficiency through the FPC and ETC

when 0.5% MWCNTs loading is used with paraffin wax com-
pared with pure wax. The evaporation efficiency was improved
by about 27.5 % for the FPC and 13 % for the ETC at seawater

flow rates of 1.35 and 1.55kgh™, respectively.
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Figure 4. Distribution of solar radiation and collector’s outlet temperature at dif-
ferent MWCNTSs loadings with paraffin wax during the day.
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Figure 5. Comparison between the evaporation efficiency of solar collectors at
different MWCNTs loadings with paraffin wax.
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Fig. 6 shows the improvement in the amount of 7

water evaporation through the FPC and ETC when
0.5% MWCNTs loading is used with paraffin wax.

This indicates that the evaporation rate was im- 5 6T

proved remarkably in the presence of MWCNTs in ED

the base of paraffin wax. Since it is quite evident =5 }

that by increasing the nanoparticles content from &

0.0 to 0.5 %, the thermal conductivity of MWCNTSs g s |

nanofluids increases. It is found that the amount of &

water evaporation rises from 2.6 to 33kgd™ for %

the FPC and from 4.27 to 4.87 kgd™ for ETC. g3 |
Adding the nanoparticles to the fluid can im- §

prove the heat transfer efficiency by increasing the ‘8 2 [

thermal conductivity such as microlayer evapora- E

tion and reformation of the thermal boundary £

layer. However, at high nanoparticle concentra- <1 F

tions, a viscous nanofluid can lead to a slower in-
ternal fluid motion, which can be a limiting factor 0
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for evaporation at the free surface. Furthermore,
the uneven surface can collect particles more easily

Paraffin

and smooth the surface, resulting in a reduction in  Figure 6. Comparison of the amount of water evaporation at different concen-

boiling performance. trations of MWCNTSs with paraffin wax.
120 1000

5.2 Using EG with FPC and ETC under 1 900

Unsteady State Conditions 100 I

4 800
Fig.7 demonstrates the experimental results of ] 700 E
hourly variation of solar intensity with respect to & 80 1 =
operating time for four consecutive days from Sep- ?5: ] 600 =
tember 16 to 19, 2020. The figure shows a variation & g0 ] 500 ©
in solar intensity with time for the test day with a & 1 £
peak intensity of about 840 W m™2 In addition, the E ' 400 =
result illustrates the distribution in measured outlet = 49 —+—Ethylene glycol with 0.5%MWCNTs (ETC) 4 300 é
temperature from the FPC and ETC along the day. ~@ Ethylene glycol with 0%MWCNTs (ETC)
Temperature values were measured using 0.5 % 20 —+—Ethylene glycol with 0.5% MWCNTs (FPC) ] 200
MWCNTs loading in EG and pure fluid into a FPC =%-Ethylene glycol with 0% MWCNTs (FPC) 1 100
with a seawater flow rate of 1.35 and 1.55kgh™, —4—Solar Intensity 1
respectively. All temperatures showed a similar 0 ' ! ' ! ' ' ’ ’ 0
8 9 10 11 12 13 14 15 16 17

behavior increase with rising solar radiation during
the day.

Time of the day, hr

Fig. 8 demonstrates the enhancement in the effi-  Figure 7. Distribution of solar radiation and collector outlet temperature at dif-
ciency evaporation through the FPC and ETC  ferent MWCNTSs loadings with ethylene glycol during the day.

when 0.5% of MWCNTs loading is used with EG

and compared to the case without MWCNTs. The evaporation
efficiency of the FPC and ETC was clearly enhanced by using a
higher MWCNTs loadings in the base EG, displaying improve-
ments of about 36.3 and 33.67 %, respectively.

Fig.9 illustrates the improvement in water evaporation
through the FPC and ETC when 0.5% of MWCNTs loading
are mixed with EG and compared with pure EG at a seawater
flow rate of 1.35 and 1.55kgh™", respectively. It shows a signifi-
cant enhancement in the rate of water evaporation in FPC and
ETC systems using MWCNTSs paraffin base. The amount of
water evaporation increased up to 4.3 and 6.4kg per day for
the FPC and ETC, respectively.

In this system, the experiments were implemented using so-
lar energy. Tabs. 6 and 7 summarize the results of FPC and
ETC, respectively.

Chem. Eng. Technol. 2022, 45, No. 1, 15-25

6 Conclusion

Nanofluids were applied to enhance the overall performance
of solar thermal collectors in water desalination. It was found
that increasing MWCNTs loadings (up to 0.5 wt %) leads to a
higher evaporation rate. The nanofluids (paraffin wax +
MWCNTs) showed significant improvement in distilled water
productivity. In addition, the thermal energy storage of EG
and paraffine wax was enhanced in the presence of
MWCNTs.

The nanofluid (paraffin wax + MWCNTSs 0.5 wt %) allowed
for a substantial enhancement in distilled water productivity.
In the ETC, the rate of water evaporation increased from
4.77 to 6.4kg per day using the EG nanofluid. A remarkable

© 2021 Wiley-VCH GmbH www.cet-journal.com
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90 increment in the rate of water evaporation was
B Ethylene glycol with 0%MWCNTs (ETC) achieved in the presence of MWCNTs (0.5 wt %)
80 | OEthylene glycol with 0.5%MWCNTs (ETC) with EG.
Ti Ethylene glycol with 0% MWCNTs (FPC)
70 k OEthylene glycol with 0.5% MWCNTSs (FPC)
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Figure 9. Comparison of the amount of water evaporation at different concen- inlet
trations of MWCNTSs with ethylene glycol.
Table 6. Summary of FPC results.
Material Paraffin wax Ethylene glycol
FPC 0.0 % MWCNTs 0.5% MWCNTs 0.0 % MWCNTs 0.5% MWCNTs
Temperature range [°C] 62-78 75-92 66-81 81-100
Flow rate [kgh™'] 1.35 1.35 1.35 1.35
Evaporation efficiency [%] 247 31.42 30 40.9
Amount of water evaporation [kgd™'] 2.6 33 3.15 43
Improvement in efficiency [%] - 27.5 - 36.3
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Table 7. ETC results.

Material Paraffin wax EG

ETC 0.0 % MWCNTs 0.5% MWCNTs 0.0 % MWCNTs 0.5% MWCNTs

Temperature range [°C] 87-95 94-101 91-99 103-110

Flow rate [kg h™] 1.55 1.55 1.55 1.55

Evaporation efficiency [%] 40.66 46.38 46.38 62

Amount of water evaporation [kg d™ 4.71 5.32 4.77 6.4

Improvement in efficiency [%] - 13 - 33.67
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